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INTRODUCTION
The U.S5.Geological Survey’s Hauwaiian Volcano Observatory (HVO)
uses magnetic tape as a medium to save analog seismic
information. A Bell & Houell 3700B 1" tape drive is used to save
these analog frequency modulated (FM) signals. In the pasi a
Data General "ECLIPSE" computer was used for playback and
analysis of these data. HVO presenily uses a Digital Equipment
Corporation (DEC) 11/750 computer with a Tustin analog to digital
converter wilth spacial software to process seismic signals in
real time. The Bell & Houwell tape drive is still used as a
backup to the real time system. The "Eclipse” is no longer used
and a new control system utilizing a "Leading Edge" computer has
replaced the Eclipse io conirol the playback of the Bell & Houwell
(see photographs on page P1,P2). The following report describes
the harduare interconnecliions betueen +tihe Leading Edge and
other equipment for proper FM playback control. This report is
intended as an aid in troubleshooting, repair, and modification
to circuitry in the FM plavback control system. For anyone
interested, there is enough information +to reproduce this

interface system.



FM PLAYBACK INTERFACE FLOW DIAGRAM
(INTFL)

Figure INTFL (pg.F1) 1is the block diagram of the FM playback
interface system. All of the harduare for the interface is
mounied in a 30" high standard 19" roll around cabinet. The
diagram can be broken down into 3 main zones: on the left, the
Leading Edge (IBM XT clone) computer; the middle, in the dashed
box are the Hex Buffers (HEXBF),terminal Blocks (TBXX'S), and
Pass Select Conirol (PASSEL); on the right, the Bell & Howell VR
37008 tape drive, Hex Footage Counter, Datum Model 97210 Time Code
Translator, and Pass Select Circuitry. The Hex Buffers, Terminal
Blocks, and Pass Select Control are mounted on the Back Plane.
The Back Plane is mounted on the back of the FM Playback Control
System cabinet. The boxes on the right are purposely tied
together to indicate the following: The Hex footage Counter is
located inside the Bell & Howell cabinet, and the Time Code
Translator and Pass Select Circuiiry are mounied in the same
instrument rack. The middle zone is the actual "interface”
(BPLANE). On this panel signals from ithe Leading Edge are hard-
wired to the various equipment on the right.

Commands from the Leading Edge are expressed as arrous away
from its box and data read as arrous toward its box. There are
tuo types of commands, as seen on the diagram: one going through
the Hex Buffers before going to the terminal blocks, and the

other going directly to the terminal blocks.



The purpose of the Hex buffers is to hoost the current sinking
capability of those command lines that need them. (See the Hex
Buff{er section {for more information.) There are a total of 18
command lines. 16 are for the Bell & Howell, all of which are
buffered. The two that do nol go to the Hex Buffers are routed
to the Pass Select Control (PASSEL) board where they are buffered
through the 7445 BCD to decimal decoder. Af{ter traveling through
either the Hex Buffers or Pass Select Control all of the command
signals go to the Terminal Blocks (TBXX'S) (See Back Plane
section for details). From the TBXX'S the command signals go to
the Bell & Howell and Pass Select Circuitry shoun. These are
shouwn as arrows into the appropriate hox.

Signals that are read by the Leading Edge are generated on
the right of the diagram. These signals come from the Bell &
Howell, Hex Footage Counter, and Time Code Translator. All of
these signals are wired directly to the TBXX’S and are indicated
on the diagram is arrous away {rom these boxes. From the TBXX'S
the signals are wired to the Leading Edpe. (See Back Plane
section for details).

At the heart of the interface system is the Back Plane
(BPLANE) where all signals to and from the control computer and
the equipment are interconnecied.

Although there are other elements in the complete FM playback
system, they are beyond the scope of this document. The Bell &
Howell, and the Datum Time Code Translator come with ample

documentation from the manufacturers.



The Hex Footage Counter and Pass Select Circuitry were designed
in 18977 at the U.S5.6eological Survey in Menlo Park, Ca. Most of

people involved are gone and information is sketchy.

BACK PLANE
{ BPLANE)
The back plane (BPLANE) is a 19" panel mounted on the back of the
FM playback control sysiem cabinel (see fig BPFLANE,pg.FZ2). This
panel is used as the physical interconnection point betueen the
"Leading Edge” computer and the other eguipmeni (see {fig.
INTFL).The BPLANE also serves as a ground plane for noise
suppression, This figure shouws the location and appropriate
nomenclature for the various connectors,terminal blocks, and
circuits that are mounted on the BPLANE. This figure in
conjunction with the figures TBA!I-TBA4 and TBBI-TBB3 provide
information on terminal block pin assignments. The figures TBAl-
TBB4 and TBB1-TBB3 correspond to the terminal blocks as lahbelled
on the BPLANE.
Two Qua Tech Inc. PXB-721 parallel expansion boards are used
as the input and output ports of the Leading Edge computer.
Ribbon cables are used to connect +the expansion boards to the

Back Plane.



See PXB-721 port assignmenl section for the complelie listing of
port assignments. The connectors Al-A3 correspond o HI-H3 (see
Qua Tech documentalion) of card | and B1-B3 correspond to Hi1-H3
of card 2. Each of the connectors has 3 ports, A,B,and C each
port comprises 8 bits, @-7. 10K pull doun resistors are added to
unused bits of ports that are read by the lLeading Edge. This is
to reduce the noise picked up on the unused bits, which during
testing was found to be significant (see also fig. BPGND). Each
bilt is uniquely identified by pin number,card numher,port letier,
and bit number. s an example on terminal block TBAZ, (refer to
figure TBAZ), the alphanumeric series, 34/AZPB7 refers +to
connector pin 34 of connector AZ (A is card 1, 2 is for HZ) port
B (PBY hit 7 (7). When referring to ithe PXB-721 ports, the

previous alphanumeric definition will be used.

TBA1

This terminal block (figure TBAl pg.F3) is used to tie into the
remole control lines of the Bell & Howell lape drive. The
signals are derived from the PXB-721 (see HEXBF section) then go
to the hex buffer drivers and are sent to the Bell & Howell
through this terminal block. The voltage 1logic here is negative
logic, active lous, @ volis = logical “"1".

Also shoun are the 10K pull up resistors to the +5 volt pouer
supply (mounted on the back plane cahbinet). The color codes
under ALPHA CABLE refer to the individual wires within the one

cahle thatl goes {io the Bell & Houwell.



TBAZ

Signals on this terminal block (see Fig.TBAZ,pg.F4) come from the
Bell & Houell tape drive and serve as slatus indicators of the
various speed and modes of the Bell & Houwell. The logic used
here is positive +5 voli = logical "1". Other information from
left to right on the figure TBAZ are port assignmenis, color code
of the wire connecting the pinit of the connector/bit io the
terminal block, the electrical function of the line, terminal
block pin number and {inally the color of the wire within the one
Alpha cable that goes from the terminal block to the Bell &

Houwell tape drive.

TBA3
This terminal block (fig.TBAJ,pg.FS5) routes the Hex Footage
Counter High Order Bits via ribbon cables from the Bell & Howell
tape drive to the £XB-721. The footage counter was designed in
Menlo Park. Other information from left to right on +1he figure
TBA3 are, port assignments, color code of the uwire connecting the
pini of the connector/bit to the terminal block, the electrical
function of the line in this case the hexadecimal weights of the
digits, terminal block pin number which is lhe same as the ribbon

cable conductor numbers.



TBA4
The first four positions on this terminal block (fig.TBA4 pg.F6)
are the Low Order Bits of the Hex Footage Counler described in
TBA3. Position number 5 is the READY status from the Bell &
Houell. The last eleven positions are not used. Other
information from left to right on the figure TBA4 are, port
assignments, color code of the wire connecting the pintt of the
connector/bit to the terminal block, the electrical function of
the line, terminal block pin number. The first four positions
use a ribbon cable with conductors numbered the same as the
terminal block numbers. The fifth position is a wire within lhe
Alpha cable to the Bell & Howell. This terminal block concludes

the assignments for PXB-7Z21 card number 1.

TBB1 &1BBZ
This terminal block (figs.TBB1 TBBZi;pg.F7,F8) routes Time Code
Translator signals to PXB-721 card numher 2. The signals are
positive logic, binary coded decimal digits. Olher informatlion
on the figure TBA4 are, from left{ to right, port assignments,
color code of the wire connecting the pinft of the connector/bit
to the terminal block, the electrical function of the line,
terminal block pin number, and finally color codes of the wires

uith the Alpha cable to the Time Code Translator.
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TBB3

The first 8 position of +this terminal block (fig.TBB3.pg.F9)
complete the signals from ihe Time Code Translalor as described
above under TBBZ & TBB3. Positions 9,10 are for the control
signals to the Pass Select Control (input to PASSEL) circuit.
Position 11,12 are not used. Positions 13,14,15, and 16 are the
pass select control numbers (ouiput of PASSEL circuit).

The cable information is as follows: The first 8 positions are
color coded wuires wiithin +the Alpha cable that goes to the Time
Code Translator. Positions 9,1@ are a separate twisted pair that
goes to the input of the PASSEL circuit. The lasl 4 positions
are color codes for the two pair Belden cable that goes to the
Pass Select Circuit. This terminal block compleies 1he signal

assignments to PXB-7Z1 card number 2.

TBB4

This terminal block is not used.

11



BACK PLANE GROUNDING
(BPGND)
Fiqure BPGND (pg.F1@) shouws the schematic drawing of the
grounding pathways of the various equipment in the FM playback
control system. The pieces of equipmeni are grounded so that
signals are in a single ended mode. This is done to help reduce
the ground looping problem which can generate unwanted and
unpredictable noise.

Each piece of equipment shoun is grounded io ihe caomputer
room pouwer distribution unit ground (PDOU). The PDU is an
isolation transformer and circuit bresker box combination that
distributes pouer from the uninterruptable power source.

There is an area within the PDU that +ties all of the AC power
neutral and grounds together. This tie point is used as the lou
side for all of the signals of the FM playback control sysiem.
Since all low sides are connected through the PDU, only high side
conneclions are made via 1he cables. Shields of cables are
ierminated only at one end of the run. As to which end of the
cable shield is grounded, see figure BFGND. (Shielded cahles are
indicated by circles around lines with arrows at both ends) As a
general rule, the cable shield is terminated at the end thal is
generating the signal. The Leading Eidge computer’s low side is
grounded to i1he chassis, so to avoid creating a ground loop, a
rubber mat is placed between the Leading Edge and the interface

cabinel (The Leading Edge sits on top of the cabinei).

¥4



This process of idenlifying grounding pathuays and carefully
planning their connection reduces the chance of creating ground
loops. A ground loop is & condition where any ground or low side
signal or shield has more than one path to the same ground or the
condilion that a low side cable or shield has a path to Z or more
different grounds. An example would be if a length of shielded
cable were laid oul on ihe ground from poini A to poinl B, A and
B not at the same point. If both ends of the shield uwere
grounded 1o iheir earth grounds, a ground loop would be created.
The grounding scheme incorporates all of the eqguipment that
is conlralled or {from uwhich dala are read. Grounds and shields
are connected io provide shielding from noise sources and at the

same time designed 1o minimize ground loops.

5 Volt Supply
The 5 volis supply is used +to pouwer the Pass Selecl Control
(PASSEL) circuit board, the Hex Buffer (HEXBF) circuii board and
all pull up resistors mounted on the Back FPlane (BI'LANE). The &
volts supply is mounted on the hack of the FM playback control

system cabinet.

13



HEX BUFFERS
( HEXBF)

The control signals {or the Bell & Howell 37005 (B&H) iape
drive are derived from the Qua Tech, PXB-7Z1 parallel expansion
toard. This board 1is capable of driving one TTL load. Houever
the inputs of the remote control unit for the B&H recorder have
higher current requirements. Current buffers are installed 1o
provide the necessary current and voltage levels for proper
conirol of the tape drive.

Figure HEXBF (pg.F11) shous the lhree 7417 hex buffiers that
are installed to provide drives to the 16 control lines to the
B&H remotle control box. The two unused gales are tied high on
the inputs to reduce noise pickup. The diagram shows the two
types of control inpuls of the Bell & Houell.

Both contrel inputs have 7404 hex inverting gates. The
dif{erences are as {ollous. The control inputs thal delermine
tape speeds and the search (SRCH) function are all conirolled by
a level, that is they require a steady lou or "@" voltage 1o be
activated. These inputs have 1K pull up resistors to +5 volis.
It is because of these resistors tihat the 7417’s are insialled.
With the 1K’s, and assuming a .8 volt low level, the current that
needs to be sunk is 4.ZmA. The PXB-721 can only sink about 1.6

mA. The 7417 can zafely sink a maximum of 40 mA.



The second type of conirol inputis are on the "mode” inputs, the
STOF ,record (REC) etc. (see HEXBF fig) they are activated by
pulsing the lines with a momentary low or "@" voliage. Alihough
these inputs do not have pull up resistors the 7417's are
installed to provide a louwer oulpul impedance to help reduce ihe
noise pick up. 19K pull up resistors are installed on +the back
plane oan all of the input conirol lines 1o make sure that all
controls are held high during power up and before program control
takes over. The 10K's are also needed on lhe conirol lines that
do not have the 1K pull up resistors to provide the collector
resislor {for proper 7417 operation.

The hex buffer board is located on the Back Plane inside of
the interface cabinet. The 1C’s are mounted on a separate board
on stand offs (see BPLANE fig., pg.FZ) The buffers provide both
current drive and provide the proper voliage levels for

controlling the Bell & Howell 37008 playback tape drive.

PASS SELECT CONTROL CIRCUIT
(PASSEL)

This circuil was designed in Menlo Park for 1lhe original
Frlipse based FM playback system. It is still used with the
l.eading Edge based sysiem and iis function is to provide conlrol
sipnals to the Pass Select Circuitiry that ultimately determine

which stations are being digitized.

15



The input to the PASSEL (see {ig. PASSEL,pg.F1Z) is {rom ihe FPXB-
721 (see fig. TBB3). The input is positive logic. The PXB-721
supplies the proper coding to the 7445 to activate one of the
outputs. Outputs @,1,2,3 correspond pass select lines 1,2,3,4.
The oulput is negative logic and the 1@K pull up resisiors are
needed for proper operation (open collector). The output signals
are sent to lhe Pass Select Circuitiry via +1he 2 pair Belden

cable.

PXB-721 PORT ASSIGNMENTS

The following 1is the list of signal assignments to the parallel
expansion boards of the FM Playback Conirol System. The boards
are PBX-7Z21's, wmade by fua Tech, Inc. There are tuwo boards and
each board has 3 interface chips (1,2,3). Each intuerface has it's
own output connector so there are 3 per hoard.

There are 34-conduclor ribbon cahles with connectore {that are
used to hook up the PXB-721 ports to the interface hback plane.
10K pull doun resistors are added +to the unused bits of INPUT
ports to reduce noise pick up. To differentiate betueen the
boards, one beoard's output chips/conneciors are labelled
fi1,AZ2 ,A3, the other B1,BZ2,B3. Each chip/connector has 3 output
ports labelled PA,PB,PC, each port is made up of 8 bits that are
numhered @ through 7. To identify a specific bit, use the

following example.

16



IT it is desired to assign a signal to card Al (chip 1), and use
port PB, bit 7, the label for that bit would he AIPB7 with the
appropriale signal assignment. The previous port ascignment

nomenclature is used through-out the rest of this section.

AIPAD FF (Fast Foruard) QUTPUT - B/H CONTROL
A1PAL RF (Run Forward) "

AlPAZ RR (Run Reverse) "

A1PA3 FR (Fast Reverse) "

AlPA4 REC (Record - not used here) "

A1PAS STOP (Stop) "

AlPAG SRCH (nol used) '

AIPAY Not Connected

AIPBO 1-7/8 ips OUTPUT - B/H CONTROL
AlPBI 3-3/4 ips "

AtPE2 7-1/2 ips "

AIPB3 15 ips "

AlPB4 30 ips "

AlPBS 60 ips "

ATPBG 120 ips "

AIPB7 240 ips "

AIPCO 15/ 16ip QUTPUT - B/H CONTROL
AlPCH NOT CONNECTED

AlPCZ NOT CONNECTED

AlPC3 NOT CONNECTED

AlPC4 NOT CONNECTED

AIPCH NOT COMNECTED

APCE NOT CONNECTED

ALPCY NOT CONNECTED

AZPARO FF (Fasl Foruward) INFUT - B/KW TAPE STATUS
AZPAL AF (Run Forward) "

AZPA2 RR (Run Reverse) "

AZPA3 FR (Fast Reverse) "

AZPA4 REC (Record not used here) "

AZPAS STOP (Stop) »

AZPAG SRCH (not used) "

AZPA7 15716 ips "



AZFB@
AZPBI1
AZPB3Z
AZPB3
AZPBA4
AZPES
AZPBE6
AzZPB7

AZPCo
AazPa
AZFCZ
AZPC3
AZPC4
AZPCS
Azr*Ch
AzZPC7

AP NG
A3PAIL
AJFAZ
A3PA3
AdrA4
A3PAS
AJFAG
A3PAT

A3FBO
A3PBI1
A3PBZ
AZPB3
A3PB4
A3PBS
A3 B6
A3PB7

A3PCO
A3PCI
A3FCZ
A3PC3
A3rc4
A3PCS
A3PCE
A3pPCT

1-7/8 ips
3-3/4 ips
7-1/2 ips
1S ips

30 ips

60 ips
129 ips
240 ips

READY
NOT USED

of XXXHX

of XXHXX

”

oo B NN AN R v « P < N S

of XHXXX

aof HXXXX

B M- RN -

of XXXXH

Z X0 BN -

INPUT - B/H TAPE STATUS

INFUT - B/H TAPE STATUS
PULLED DOWN 10K (TNPUT)

HEX FOOTAGE COUNTER

HEX FOOTAGE COUNTER

HEX FOOTAGE COUNTER

PULLED DOWN 1@K (TNFUT)



B1PAQ BIT 1 QUTPUT TO PASS SELECT
B1PAL BIT 2 "

B1PAZ NOT CONNECTED

Bi1PA3 "

BiPA4 "

B1PAS "

BIPAR "

BiPA7 "

BZPAD UHt TCT units of hours IN FROM TIME CODE TRANSLATOR
BZPA1 UHz "
BZ2PA1 UHg v "
BZPA3 uig v "
BZPA4 TH1  TCT tens of hours "
BZ2PA5 THZ N
BZFPAG UD1  TCT units of days "
BZPA7 upz ¢ "
B2FP 32 upg "
82PB1 ung "
BZFB2 TD1 TCT tens of days "
Bz2PB3 Tz " "
BZFB4 D4 ¢ "
BZ2PBS mg " "
BZFBG HOt1 TCT hundreds of days IN FROM TIML CODE THANSLATOR
BZPB7 HDZ " "
B3P AQ US1 TCT units of seconds "
B3PA1 usz " "
B3raz usq4 v "
B3PA3 usg "
B3PA4 TS1 TCT tens of seconds "
B3PAS 52 "
B3PAG T84 ¢ "
B3arPA7Y UM1 TCT units of minutes "
B3FBO umz "
B3rBI1 UmMg v "
B3rB? umMg ¢ "
B3rB3 ™1 TCT tens of minutes "
B3rPB4 Mz "
BIPBS ™4 " "
BargsG SYNCH "
B3PB7 SAMP "



8arce
B3PC1
B3rC?
B3PC3
B3PC4
83PCS
BIFrCE
83PC7

hsl TCT hundreds of seconds

ha?
hs4
hs8
tsl
tsZ
ts4
is8

TCT tenihs of seconds

"

0

IN FROM TIME CODE TRANSLATOR
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